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(M6-i)o® 


® ^|Sl7rC#SST Dodge iS^W Computer Music 'fWtSRffl/r:, TfSM^E'ffcWjSlo 
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(ap) 


^ ^ ( Psychoacoustics) 


SSBIIIII 


!5!n!lll 


S!!!!i> 

SSiiSi 








nil 

gs 


IllSSSgliiigI 

IliSSiH 

iiasig 

iiasiK 


Watt/m^ 




"aailS!!!! 



l■llllll■fB■!alllll 


500 1000 


5000 10000 

mp- (Hz) — 


\mp^^^nnmp 















two, (mm) ^t^ioohz 

fnioooHzfi^^WMo/f®^#*-#, 

:^i^40dBo msi, 250Hz m 

3000 Hz 60 Hz lOkHz 

SI, 

Ajil S A A M tic ( Logarithmically ) 

(Linear) o 

mx'Anm^wmMmi^o mm, ^ 
mnmur, Ain^^^o.i-0.2 (i:b^jj^i: 2 ) zmm^it 
Ht, I^^:^0.4~0.8;^rBl&^^>ffc6tliCfSJiffi|^6iJo 0Jlt, M 
-^p^rnmn^, 0.1 w/m^ ^^^''Mo. 01 w/m^ m^uxn 
0. 001 W/m^ 0. 0001 W/m^ —#o 

0 jlt, Ain 

1 MO.2;tfg]6^^^^0^, |^^:i:*O.7MO.8;tf0]&iJ 

(Masking) 

(Masking) m 
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^ ( Psychoacoustics) 


mmm^o 

^jaLo ^ 

0 ^, mfi>mmm0.mmnxy^^tiio 

^tB^'lfET, i5dB s 

20 dB, 


6.3 



m=l, ^H, iA±m±ij|^, mXA 

Am«?So 



4 -S'-'f;S-ife- 


mM. WM 

^m^mm^^it, x^Wi^^^it, mn 

flti AM^ Itm^^MiMW o 

(Hermann von Helmholtz) fill(Oa the Sensation of Tone') ■ 

®F^6^S5liio frffiB^5^Ttk^#^06^ 

xmo 

WtSA6^±)tM^'l4o Silt, 
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(Psychoacoustics) 


mmmm. 


6.4 


^04^^ (Temporal Relationships) , 

m^MMo Sitb, 

^^^ 6 ^ 0 ^!'^, mm, -a 

looHz*# (ms), m-x looonz i-fxit^# 
m 13 

\m, m-^m 
MAnAP^'^mm 
m\\m-AP^^m[m±PxP6^z-^, wax^ 
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^ ^if ^ 




6.5 


\tiw, A±M6^:^^± 

^-#0 m, m^^mXo 

§ Dartmouth 'SM:^ 

jmxp^m^^x^ZMik^^\jmp^zmmm^^.o 


Psycho-acoustic Correlates) 

(Frequency) ->^ (Pitch) 

( How fast something vibrates) ( How high or low we perceive it) 


’ 64 " 



(Psychoacoustics) 


^ljlg( Amplitude)->• Intensity)->• ^^ ( Loudness ) 

( How miieh something vibrates) ( How loud we perceive it) 

( Waveshape ) 

Timbre) 

Attack/Decay) Transients) 

p (Modulation) 

Spectral Characteristics) 

M•^#^-f■i^^-f■^:^'^^>^■^6^Al^(Spectral pitch and loudness trajectory) 
Everything else ) 
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^ ^ 4 it 








H >r:> 




0 2^$1?^5)-rt§##T Ken C. Pohlmann W (»¥#®Jia-^g®ffl> 
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r^&li^^4t:0^#KM^T0tr^^fcWf£o 

m^m, Wi'¥^m^Anmm^'Mmm.mmm-%n-mmwL 

:& Ken C. Pohlmann 

>!'t7XW^IRiiJM^S^6^i1M, 

W:W.iM.o 

W^5C#:t,l'^&^0'f 1'^ 1'^PS, 1^ Pi ( Sampling Interval) 

( Sampling Period) o —^0'J‘l^-^'t'? 

( Sampling Rate) , —Hz ( 

Samples per Seeond) 3jSpJ^o 

(f*ulse Code Modulation) , PCMo 

-mm^^ 

mm mu 
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'fe-f"!’if; 



— ^ (Nyquist Frequency) 

q.o 

Mwmmrn, 

Bite, hKm^mwm&m, 

Mm3m, s^, iAait±m, mw 
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mm, Wi'^mw^^n, 

iS, 

^ii, 

m, mn 

mmw, 

(Nyquist Frequency) ^3, 


— ^ /'IS-^IRililiiSIS (Low-pass Filter) 

-m, m 

0jit, 

(Low-pass Filter) A/D ^l^llfj, |^ 

#, -tk-^D/Afitiiiili (Output) (ffij^, 
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^ ^ Stfe 


^Amimn', &- 


7.2 


mwmmmo 'S 

mamit, mwmMxm 

«jim, #^j£(w±APg^6iiMitfflwm 

^:tfmmmo f3-^M-^*AM4fci^M:ttl:, 

m^^Mmn^umbt ( s / e ), 

(S/N)o 
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(Bit Width) 

(bit BP 

Binary Digit 

BPIic^o fq 1 

WtM\tW%^ (Bit Width), (Bit 

Depth), mn, 8 tb#W^^^i*256^rH]PBiC, 16 
^i^65.536 ^Mit^, tk#, tfe^tSci^iP^fpo 

®7-2M^T-^3 'EmiftT 8 ^I'BJH 

Mo 



S7-3 Ji —^ 6 64 1-|'a]|5g 

Mo 

--B 16 M 20 
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m^o 

-.mm. 

T m j^uin^Wi^ittfimMmmvcmw^^^i^, mm 

7 -4 ^.^mMt^Wi^Vc^^imo 

(m^) ±6^#ipi (^#{t) ^i^m. 

mvjp.mw] “0” ^ “1” p^-ia^ji!f3i5j]pf:>(M* (»^), m 

“0” %- “1” mmmr.mMmmo m)s, “o” 
P “1” “^” “^” i^m) M^tb 

(PCM Pulse Code Modulation) 

m^Uo 


• 72 • 



[^N-r^^±, nmwmm 

mm3\iY^Anm. 

m^wmDo 




















o 


7.3 


^^IfM: 

m-, nwc. ^mmm^Ao 
m=, mm. ^PS0jaw#.^.o 

mm, mmm^^. nmmim. ^m^^Mo Ji 

iSM^JBXo Sllfc, MM 

6^0 ^mi^±, mvMiMmn^it. 

it. m^vcn^^mvco Mjim, mmmm.%m, 








#o i^-itpA'inT-Mit^'\t^^^:^AMM.A^tif^PA, 
if^^n ^Ai.A^^AAP-^^St^'? ^ 

^A—^, AAAA^AAit^A^A^^^PA^, 

i) -f-'i^, -k^A p. f. n 
^-A^^AAMik “^” 

itA'^MAA^AA^AP^A^ (Acoustic) 

PAMo 

itAAA^Ay:>^A^^^AAAJ^ 
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^4 ■»+3$-fe 




8. 1 ^■i‘t'^:|rti-^/^■i#'f ^ , Instrument ^ 


— >, Instrument 

Instrument —^in W 
if, Instrument—T:^^M){if|—^to^6^i^'J'CiPtU)I^J!^o '^>^^0 — 

WtSf&o Instrument 

Instrument 

Instrument ( Step-by- 

step) *3i^m5ij±xff^Mjitg®)(i 





ii:lo t5feJSz^m, 3a^it»m®J^^ikx®06i)Xf^, 
it^m. 

Instrument ( Unit generator) „ 

Instrument 

Instrument (Signal-generating 

Model) o 

sy^^Ao 

Instrument ( Physical Model) o 

liji— 

m, \ix^mmmmp=^o mt^, 

it, 
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^ -f- -M" i-fiJiS-pfe 


#JBM'S!]iaTInstrument i^W, 

Instrumenti^if, 6^# 


8.2 


(Unit gnerator) 

Instrumento ( Mffl 8 - 1) 

' U;l±6^iilAo 


® ffl/KiSS Dodge il^W Computer Music 
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(ft^) 

SaMgffljljpfetl (ADDER) in^^, 

^IIAfP-^li)*, -^JP'^tl6^±^M 

3i#'lfET, ^|S[P^#iS'l^'f^*3aA)]P^-tl;tfjM)iJ$ta5^, ii 
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If- 


(Amplification)o 

±, Hitt:, instru¬ 
ment ^7±, 4* 

^mmm,, CPU 

Instrument 0, 

(quotient) o ft— 

J¥^Uo ft^Wftf=ftitJ(P#iW 

zm^p^o 

it} 6^ Instrument, 

e^J, 'StHM^ft^^S (AMP) mOiiM. (DUR) 

^IX Instrument #0^, 

Instrument Mff^X'MMo 3^:®#tS(— 

Min, —4^ Instrument ^ijlg 

t^^ftAMPtf^o 

Instrument Mftft^4"lli±l, 04*6^^111} 


8.3 





0 8 - 2 

(iPWF) ^ 

mmm, 

vmi^^M, Hzit, 

:^——M (Sam¬ 
pling Increment), 

iM^o 

BPIE^fto 

m%mo 

(Wave Table) o 3 ^ #, 


^.fi 

AMP 
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—^ i$.M 

0IIJ511 

ffi, 

fflfS, 

e^ilAo 

(Sampling Increment, SI) , W 

ii^aA&<ji'0]gBo 
® 8 - 3 

fs, ^f]i^ffl{& (cp) = 512, M^, 

fflMfiPJC, U^^<P = cp - 512 = 0, 3i#|fc>l#3i^ffi3^0f!J^ 


® S;7^#% Dodge Computer Music — =t5&tjffl^^!^o 





0 

0.0000 

1 

0.0123 

2 

0.0245 

: 

; 

m 

0.9999 

128 

1.0000 

129 

0.9999 

; 

; 

319 

- 0.6984 

320 

- 0.7071 

321 

- 0.7157 

: 


509 

- 0.0368 

510 

- 0.0245 

511 

- 0.0123 



ffl8-3 


w*iof4s±o HiH:, 




( Varieties) , fll Ji @ ^ 5l # {t ^ ^ #1 ^ FixeH Sainpling Rate 
Oscillator) Variable Sampling Rate Oscillator) o 

^^8-4 40kHz, 
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^0 -30 -20 -10 





ffl 8-4 


512 mtmmm 512 

40000 -512 =78. bhzo 

[Si^^W5i2 m^wmm 

SI =2, Hc^/lilE 

(256), 

^40000-256 = 156. 25Hzo WWAT-f&, S 

mtn, N=512, D;l40-kHz 
&^^#-^M-1-440-Hz6^W, ^^5.632 
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M;^0 +5. 632 =5. 632, fP^, 

(fractional) 

W^—, W$T (Truncation), ffi 

(Rounding), 

HH, (Interpolation), 

ma s. 632 , 

)i5i3 6 lft^6iiiA6(j 

63. 2% ^11 5 $1 A6iJ 36. 8% o 

ffilfck SNR®^—# 

( SP signal-to-noise ratio) □ 

#o ^A, MfnA 
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^ it i.*liSife 


8.4 

Instrument !^3L 


Instrument 

M^W^Ji^iRWo Instrument 

Csound Si Cmusic MWo 

m\^, 

Mg'EfniS$l±>lt.^^it (Score) 

HA. (Orchestra) ^Jfo 

Csound fq Cmusic 1960 Max Mathews ^iJaL 

, ia#ffW#-f4 

“g”o -^J^q, tn^- 

4 - Instrument 

6 ( 1^0 4 " ^ Instrument 6 ^ 









9.1 #.i’*t^>^'] 


( Fourier Series) MM, M 1807 
(Jean Baptiste Fourier, 1768—1830) 

mwm^umxmmi^^iE^m^nmmo \mp 
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^ ^ -f- ^ 


iia-P/h^&^440Hz6i]A^, Mff^ 

440 Hz, 880Hz, l320Hz, 1760 Hz, •••, 440Hz 

1, 2, 3, 4fgo (pm, 

5l^) 

®9-i M 

(BPSW) lOOHz fiilfig, 

200Hz 6^14*, n 3 300Hz S^fiia, fl!cjlt 

^H, US 500Hz 

mm±, 

i±i5A«^w, vm=fimo 
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9.2 DFT, FFTandIFFT 

( Fast Fourier Transform, FFT) 

(Inverse Fast Fourier Transform, f^|5'IFFT)o ^ vT 

m, “^” (Domain) 

“^” (MhKmmmmmo 

fr®, 

mmm^, 

^tlcflllz:iH-^«^ (dft) 

MJ¥, ^(Discrete Fourier 
Transform, f^^^DFT), ^|^±, DFTtfcJi^l^JgiA^^ 
(Domain) ^o S*, 
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siit, 

m (dft) 

H. (FFT) Sitl^l^jifll^lH-^J^ (IFFT) 

gP'^^#:a:Pt^m (fft), 

(Analysis) (Synthesis) :^ffl|lcfnj]l!j^M 

(IFFT)o 

FFTs, IFFTs and DFTs 

S^To FFTs, IFFTs and DFTs^KifSffl^^WX, '^iil 


9.3 FFTxf^^^J-J 


Dartmouth 4* 6^ FFT (®9-2): 
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ffi9-2 


Bin Frequency (Hz) 

Amplitude 

0 -22 

0. 00003 

22 - 

0.0015 

44 - 

0.0001 

66 - 

0. 1 

88 - 

0. 002 

110 - 

0.047 

132 - 

0. 0023 

154- 

0. 031 

176 - 

0. 0005 

198 - 

0. 00026 

220- 

0. 023 

242 - 

0.0001 

264- 

0.019 

286 - 

0. 00013 

318 - 

0.00005 

340 - 

0. 0123 


Phase 
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^ ^ it i-eli tfe- 


bins6^*M6^FFT^iff, 

*o5ij2;tr0]sai6i-ffifiiJi«B){iw 

44. ikHz, 

FFT^:^/hj^io24o 

44. 100/2 = 22. 050, ^ 22Hzo 

M-- ^'^^'^m.o ®®n4k (Window) o 

(2)jnIS^"f-k ( Periodicize) o (3)f^ vTDf ( Fourier Transform) □ 

(Frame), 

HI 9 - 3 ^ Dartmouth ;^^if FFT ^ 

^ (MISS'I^) (t)o i± 

M, [S/K f (t) ( Periodic Function) o 





tWP, llcfnm®9-3 :^O^t^l:t 

fi^, ® 9 -4 P4fcg|^ (Window 

Function.), (t), '/i#, Hft O^t^l 

^#T, W (t) lo 



p, m&, ffefnBM^Tffl^w (t) mm^f (t), w (t) 

i>^f (t) 4^)5iJ^ai5l^W, 



ffl9-5 


4-H- 


M^, (t) (t) m^m ( 


W (t) (®9-7) 


^fnai^WT—(Periodic Function) , 
(Sum of Sines and Cosines) , ^o 










&iio ^j1, 

\\m\)m^'p^^vc^n^^^m m 

bins (gp-M^^en 

rm^), bins (Frame) 

(BPHUffi»JWB^fi]^), bins 6^f(SnTb:^M-1-AA 


bins {t(]§ti = ^^^>l'/2 


9. 4 :k^*]"‘ ( The Frame Size) 

i±|icfnAi5S-4" 1024 

t^M (iiMA, FFT AA 

^AAW^Mo ?i^jnBruifflT®PtiAA: 

bin = m^/hins 
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^^S-ffe- 


bin^S ( Width) o ^ 

isft, mw.43Hz^rmin^±iifm^, 

mwt^i^xTo 

m&z, 

^ mim stiif 5: pt „ 
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^ ^ ^ T ^ ?'J i ^ I^ 40 'fi ^ ^ #- 

-t" ii 41, '**1 iitip ^ (Additive Synthesis ) o 


10. 1 ;^yir'^A 


ijp ^ licin B i± s ^ff ^ Of o 

itb, ^P4 , 3i4t'ah§i'tfeBHff^li5:nt 

( Fourier Synthesis) o 
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-I-4 i+^ 3$-ffe- 


55ctl±tS^^aio ^xiMm^^ifmA, 

m'm^o 

nmo 

/h. ffifi^o 

P's, 

iP^, fiJM^nfe'^j^J^a, K^iIlA^f[ 

w, mw.hx-pmm^m^^m («#) jf^, 

(Odd Partials)o 

iiM, inm^ 

wiix^Si^umYz, ^si^'^^iPs^a#^i|ii6^i/5o ma 

m^±M, W& (jE^^iS) d^m 

btiu, ^Hii®^i5-/E-^6ijtE 

"h A (440Hz) ^ 

44ohz, 





880Hz, 1320Hz, 1760Hz, - , ^^ 440Hz 6^ 1 , 
2, 3, 4, -mWio 
® 10-1 








a 10-1 


® Tffi/L^S^l^iSS Dartmouth Music and Computefo 
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0 12 3 4 

Btl'iSl 

m 10-3 


m 10 -4 
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if If' 



0t I ( #') 

m 10-4 


6^ai«5Hjo 
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Mo ( Fourier Recomposition) o 

P"m” o 

, Instrument if# S ^ 

, iiil 

Wfeo MM, 

(attack) (decay) Jl:ft-f.^f(j, ^iiTj^'f 

(noisy^ chaotic) 

s«fn 

mnpmtp^ vmm^ i 


10.2 ( Formant Synthesis) 




( Frequency Peaks ) , ^ 
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^ ^Stfe- 


(Formants) „ 

5liiJl6^ (Resonant Physical Structure) o 

mo 

dl, j&#, 

iPM, 

tb^-SCo 

® 10 -5 Ji Dartmouth , 

a4>nruji#di, j^m^MmmAmmm, u^rnmn^mm 
AP^mw^^M^miwmi. B0je^ n® 

( Formant Regions) o 

(^J$Pgit'^ii0it. mm, 
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i 



m 10 -s 

Handbook for Acoustic Ecology)'^ 
( F formant m 

mm 


0 Handbook for Acoustic Ecology. 

Barry Tniax, editor. 

Second Edition, 1999. 

Originally published by the World Soundscape Project, Simon Fraser Un. 
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^-f-Sii+ 



^mm 

heed 

Head 

had 

Hod 

Haw’d 

Who’d 

^A 

Fi 

270 

530 

660 

730 

570 

300 

F 2 

2290 

1840 

1720 

1090 

840 

870 

F 3 

3010 

2480 

2410 

2440 

2410 

2240 

AA 

F, 

310 

610 

860 

850 

590 

370 

F 2 

2790 

2330 

2050 

1220 

920 

950 

F 3 

3310 

2990 

2850 

2810 

2710 

2670 


F, 

370 

690 

1010 

1030 

680 

430 

F 2 

3200 

2610 

2320 

1370 

1060 

1170 

F 3 

3730 

3570 

3320 

3170 

3180 

3260 


tnXP^UP, 

:^(qA.Wayne 

Slawson 
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^'$'4]^^M}^A>ir'^A (Subtractive Synthesis) o 


A, mm'^hk\tMiM^^P^A^, 

rnm^i, 

“«j”, ^ 

mmmm (#^ 4 ) m^p.^'AW, m 
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If. l.*li iS-rfe 


'^imxtfmmo 


11.1 




xpjtxmmmmm ( af ) 

(DF)o |5[^i>i^^tl]i!iJ^ 

^t!c0^r^«jifc^ft-^o mm^mmA. iii/ntP^^fcBti'H]#- 
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m%^<, 

ATMo 


11.2 




hxm^hm, 

M—, MMtiMM (i-owpass), ^lail:^— 

m^Mmmm (slope) „ 


^—, (Highpass), 

3dB ^iiiiti o 


(Bandpass), , 

XrWX^dB &<j|iittic 

%m, (Band Reject), B'J^^ 11 li ^ tiffi 

WL'P^dB Wirt Rio 
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11.3 


(Cutoff Frequency), HU®, HclH 

sitt, 

fHjo 707 'EM/kT— 

707^=5 5|e^^W, 

^11*707 'EDc^5d:*'E6^-^t^M6tl.^,±, 0 

jit, (Half-power Point) o 


11.4 it/:tf 


(Transition Band) , 
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^-I" i+Stfe- 




(Center Frequency) , 

(BandWidth)o 


mm. aw^ mm. ficffmti^'j3tai®^#iE6^ 


11.5 


FH ^ H' It ii it ^ ^ 


(Finite Impulse 

Response, gp FIR) fP:^^|Jc?tt>0|^JfMtS[^^J^^:^ (Infinite Impulse 
Response BP HR) 

(FIR), (Delay) fP±^ 

vcmmm, , m 
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—-f: 


T6^ (5feHU) o 

S 11 -3 M:^, 5S^7— 


WHI)0c/'^II|iOJSZ«[^*®S FIR 



an -3 

HR 
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^^ ^ ^ *l! S T& 

0^ (Feedback), 

^m^~nmw^%±mmwi-x Loopo 


^|!Bfl|:/'^P|ilJSZ3S^^«gg HR 



m 11 -4 


0 fir i5[^^«jji!jji)(^aii,^iii^ti6</jiifi„ 

itit##Tffi (Dartmouth A^Win^P^^) FIR m HR W# 
(aII-5, an-6a^i|4x^^!irA, 

11 ib) 





@0 11 -5 






















if 


So am, 

S«nllIgiMA4’, 

MmL 

3i#K5ij, , mw^mrnmjk 

sy&^, sjifc, mmjkn (k) 

(HR) 

i&JcS^H-^JicJtfiPi^jrS (FIR) ^Mo 
FIR M UR 

(3^M, X (n) )i-« 

^WMWo 

x(n) = (x(n) +x(n-I))/2 

mxj, 

p%-mo amnm) 
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iJi^p:fcmxM^mj^±, mji * 

^ ( Averaging, Delay and Feedback) , 


® Dartmouth Computer Music ^_hfi[^, Dodge iSWW Computer Music 

5)-|fi) '1^Sf6*ai®tt2004 4p){g, 
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^^if ^ 




■^M., (Distortion Synthesis) A 

A^A‘\^'^A ( Nonlinear Synthesis) , P ^ 

(Nonlinear Waveshaping) 

( Discrete Summation Formulas) 

(Modulation), 

M(A'"] 

^ , Carrier) , ^^'it ^(A 
M ^Modulator) o 

^^ ^-I-## t ^ o 
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(AM) 


12.1 ( Classical AM) 


(Carrier) (Modulator), 

S#Mc 

i^mmmmM (classical), 5f 
( Single-Sideband) o —(AM) 

t'Po 

(AM) fp, 

(carrier frequency) , 

^fm (modulation frequency) , , M^, 

^25Hz mmUTo 

m 12 -1 

Instrumento 

(Unit Generators) , ^ 
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^^it S-ffe- 





md^jnmmMimm^mmmo 

m\mm 

(M) ^=f- 

(AMP), (M) A^O0^, 
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(AM) 


imi2-2o® 





II 12-2 


(Rate)o 

^^VCo 

mU^^X^nWi (Dipolar, 
(Unipolar, K^iE®) ®12-3 

M^nTW®. M»Jt0tSC&^E5'Jo 


(D niseis S Theor)' and Techniques of Electronic Music 
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if 


(Amp) 


(Amp) 


^ ti (Dipolar) 



(Unipolar) 



m 12-3 

[ft, 

mmo , am 

(Energy): 

( Sideband) -fc + fm fc - fm 

®12-4S/^, icl^#:j^iE« 1000Hz, 

750Hz, IOOOHz. 1750Hzo uTl-^Jl 
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(AM) 







K) 

Ul 

o 


«r>»v 




o 

o 

c 


«4 


%ib 






O 

X 


o 

o 

o 


-J 

(Ol 

o 

X 


12-4 


012-5 &<jmii»J, muw- 
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^-I-it ^Ali Stfe- 

^A. 


«#• 


ISTtb 
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_ (AM) 

m'mw^^wMf^mmt^M.mmw^'Uo 

M_a, ijffirri^frtai'5Tii;ii)^^ijT-i"ft-^^ iicjn«ju^fflw 

/±i ft->jijii , iATft o 


12.2 ( Ring Modulation) 

Balanced Modulation^ Double-sideband (DSB) Modulationo 

0lH:, 

0, Instrument 

IS 12 -6 instrument: 

Wimu^ 

xinHmmmm^mmm^^-—mx 
Bxm^ (BPiA Fc+FM ig Fc - FM ^m'mmm), 'mimmm 

Afl-^ (FCfPFM) iAMlgAvfriBXlil^'Jii 
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laittm, nwnmw^m 

^ ^ w ft 

m 12 -7 Km, 

1000Hz, mUi^^iE^ 
j^750Hz, 

M Ji M W 250Hz -!g ffl W 
1750Hz, 


m-T-o 



Ji, W^i)Aft-^#i5Aall^$iaio flPmW^iiA 


tp, M^I&AWJif=i^WA^^o 

i^p A, A 220Hz fi^iE§t-tllAiiJ^P B, 
300 +220 =520Hz6^fg^fn300 -220 =80Hz 

fM3iK:lEFtfMt'16^ “1^— rA)^” S'nWo 


® Reginald Smith Brindle ^^ 
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(AM) 



m 12 -7 

TM0f^: 

mr.^Xf¥Zm^ (Hz) (Hz) 

300 + 520 = 820 300 - 80 = 220 

220 + 520 = 740 220 - 80 = 140 

300 +80 =380 
220 +80 =300 
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^'H'^ 


nm, ±®6ti^j^KJi-^ifi^6ti'i#^. -w- 

MB., 

-0.dill», 

\:^mmo 
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(FM) 


- 2 


M^tM^} (FM) AAt^ 

(John Chowning) j^-h^^o 20 it^ 60 

¥jp^s->nAi, 

4-^AA, 

(^^AFM tmo^^ 

AAAo ^A^pA 

FM ^it^A4tA, A'0- 1966 AA^'ltM FM 


® ft3E;^!i{SMi@li!r«lfe:^4’ (FM Radio), :Sl-{^:ft*KlB]gSt$g)f^SW®$ (Sll^), 

ft^'o 4p«®)*fS-<0i-ffi#iS®®-t.TSai$ft., ({^#®S) -tfe^lUfMffilllWi^S^ik, 

^Sjg|IS3c^f6S:tJ'tn.-t3j^^#f0-§''ffiittiio Silt, iift!l)5Wfe-§- 
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-f- 


13.1 


m^, JAmM^mai^yhM^P^6<] 

;|=g|^, “FM'^^Sie:” 

(mm) 


Mmm FM 

S S ^ FM instrument J(P 
ffl 13 - 1 fjfm, ® 

'^mm^^ic ( Carrier Frequen¬ 
cy) 

fm (Modulation Frequency) 

mmm^miimmumM^ 
i^^ia±o mmmm^^-^^ 


(fm) 





13-1 



(FM) 


U, \tin, -^250Hz 

jE»6^»Ji^, »J-^i000HziE»6^ait, 

lOOOHz 

mmnmn.mm^o 

muwmm'^MWiM.m^mmi^^vcmu^, mumu 

ft-^6^^i|iijio, ia«, 

fi (AM) 

(FM) (f, 

miit, mmiiXMm: 

(D»ji^&^w (^#^) 

10:1 (c:m = 10:l), 

Hk^^^Vc {c%WiMM'^, m o 

# (SMfift® 

(c:rn = 

1:10), lOJ^o 
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^.y^-fS-f c ^ 

^) ist'fs ■§■ m 






M.yi.^i-f c ^ 

iMM>-t4t^m 




A 


10:1 


1 


I 




S 13 -2 


B 


1 :l 

c^f m 

1 



m 13 -3 
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(fm) 


C 






1 :10 


m c 

I i 






13.2 FM 


t, m^mm^^RmiE^^mi sinusoidal) 

fm mm 

m 13 -5 Krnj-m FM 

mmrmmMmmmmmumm (fm) 
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-f--!--'J; 4 it 


kfm.k^-^mm (Integer), ^ 0 

m, k=0 5|5M^6^o 


!5'J 



ffll3-5 

(Deviation ^d=0 

0^, 

Wio Silt, 

^#®13-6, mn^iAmU^ lOOOHz, M^J|2[:j^250Hz, 

MAm.m^^m\^^mmwM, mm, 
m^m.)kmm 13 -1 m^o 
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^ + (FM) 



13.3 + 

( Composite frequency modulation) 
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^ ^if; 4 it 


( Additive carriers with independent modulators) 

FM instruments I^H^Xf^, 

FM instrument 

4^, al, 1 fi^^lPS, fie 1 dl 

1 1 fim 1 

mm, o® 


dl fir 


d2 On 


f\j J \% J i^^I'ft2 



® I'S Digital Music—online tutorials on computer musico 






(fm) 


(Additive carriers with one modulator) 


dl fm 



m 13 -9 

( Single carrier with parallel modulators) 
dl flm d2 f2m 



ffl 13 -10 
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■fe-f--f-^if ^ 


m. (mm) 


(Single carrier with serial modulators) 



(Self-modulating carrier) 

^) mm, *®Sfri)A5iJS#6<JM¥ 

(fjo 



ffi 13 -12 
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^ + (FM) 


(fj mwmvcmo 
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4^i+^ JEg-tfe- 


(Waveshaping) 
- 3 


(Shape), '^y:i^it^Ji^-~^i§‘}A^^-^'ft-f (jE-?^ 

}A) 

^ifX'ltmi, (FM) A 

rfhMFM4i^ 

^ X>t^ $t¥j ^ ( Band-limited 

Spectrum) o Instrument 
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(Waveshaping) 


rs^icfn^s^ 


14.1 


(Function), 

(Transfer Function) o T®, 

WA^-. 


y=f (x) 

MA5«'&6^A/h, 

( Non-linear) o® 

-mmrn, -4-irAft-§-6tJM«ii: 



^ 4 it i^bSife- 


m. Silt, Ps^iiWAfs-^6^«®, 

±6^5jt^o 

^4to 

mm^^o siit, 
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(Waveshaping) 





B14-1 


14.2 


(Index), $1 

ito TfflWS^J, 
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^ -H" s-tfe- 


in, (JaL®i4-2)o 

%i±! 







t:> 





0 / 


1111 ■ 


i t I 


-► f 


m 14-2 


® 14 - 3, -1. 0 M 1. 0 
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-f- Eg ^ iS. S (Waveshaping ) 



m 14-3 


IS 14-4 s^, 

- 'I^mM^Wi (Index) -R^liiA 

-0. 3 M +0. 3 6^7jc^;^r^, 

mmmm 

mmnmj}^o.3, mmmmm 

(Destortion)o 
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^^ S-tfe- 



m 14-4 


14. 3 Chebyshev ^ ^ ^ 


Chebyshev 

191tt^, Pafnuty Chebyshev 

1^# Chebyshev Chebyshev i^i 

A-^^ips*i.o6DiE?gj^, 

distortion index) , 
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(Waveshaping) 


14. 4 ■ ^ ^ ^ ( Table Based Waveshapers ) 




14.5 


(Waveshaper) o P^Ml^T 

S«#iiAft^6^Wi^tfe^i^T-^AJto e, f 
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it 


(®14-5)o 






^'###iSi-&: a: (linear) b; -^It (odd) c; l^lit (even) 

d-. e: f; 




® t^#15i'SI;*r:±5^ @ Dodge S<J Computer Music |a Dartmouth Computer Music Wilfi^ 



^+-5-^ ( Granular S)Tithesis) 


^® ( Granular Synthesis ) 


TfpX.^MA'^ 

(Grain), 

^ ^•^^'l'& tL^, ^ M-'X^ ( Waveshapes) , 


15.1 


1616 Isaac Beekman 
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i946 ^, n^m^mni^m • ipfe 

(Dennis Gabor) , fiMfg*. 

1960^, (Iannis Xenakis) 

( Grain) , ^^^^{40^(0] ^ '^WM IS'n o ?'n ^JlitJ[5Z 

f^po Analogique A - B 4^, 1974 ^, ||@ 

• (Curtis Roads) (Grandular Synthesis) o 

», 


15.2 
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(Granular Synthesis) 


1ms M 100ms Wfltft, 

(^n»)o Pm^PW^^P.Pm^^iY'2^, iQ^P±JS 


15.3 


(BP “^^”) 

#^^'n'nJ5^1fc (Synthetic) ^'n 

(Granulated), BP^^^gfeA^i^^^ai'^i^'t^o 

PU. ffi 


0 “Sl^ilt” ilSii (Sound in a nutshell—Granular Synthesis) , |h]B^, ii33:5) 1*3MIDI - 

WWW. MidiFan. com 
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t ^ -g- ,f> i, it If- 


^ 0 . 020 #, 

;# ® 

JXi o 



a 15-1 

® 15 -2 M^T^iPI^^W—lie 


® TB/Lt^ffl^i^ S Theory and Techniques of Electronic Music fB www. MidiFan. com f 
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S 15-3 


s 15 -4 M/K, 


* 4 i+ AiiliS-ttr 





m 15 -4 


15.4 


bpm^s^ “:^^” 

"Ti-’UX'' (Windowing), ^ 

— #^'PI WJ 6^ ® o 

ADSR (Attack- 

Decay-Sustain-Release) , ffl 15-5 ^ 

—4'It Attack Sustain 

Decay Amplitude (^fe) ^ Duration (|^^H4l0l)o 

1315-5, Duration (f#^N‘f0l) 
fi], -m5f5mio~5o*#)iftii04f^^jto 

tmm, 
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(Granular Synthesis) 



gg 15 -5 


Wo 

Amplitude (^IM) 

100% , Kfg 

Attack (^^) 

Sustain (Mt#) 

#©WB^|' 0 ]o Duration ^ 

duration-attack-decay ^^iil 6^0 
Decay (^M) 

Decay Attack B^ |'b] ^ kjl ^ ffi 1^ ( ifclfcji 

Attack m Decay 
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^ ^^if ^ i-eb S-tfe- 







15.5 ^ 


i^, ». mm. 
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(Granular Synthesis) 


^^'pmmmupimmm, j ^ h ^, mmmp 

mimmo 

“ieit”, 

MMPP^ ( Clouds of Sound) o 

— ^ (Cloud Type) (Synchronous) 

^ ^ ^ 1^ ^ ( Asynchronous ) 

(Fixed Delay Period) tPffi#, 

B^{i[o 
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"ft 


^'^TJI'PS. Bt{to 

wn^, 

^mmwno 

-. mt^'& 

^Jt 20 m.H, 

ipg («) 

vA^n mxxmmMLX^mMp^r 
i£n^m.x^f^^ 200 m.my^\ 

5^4^, ja200^miiJil?imm6ii, 

(Noise Bands) o 
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(kHz) 


(Granular Synthesis) 


(Start Time) ( Cloud Duration) o 

M (Grain Spatial Position) , 

(±. T. iEy fj. 

(3))^^^^^^ ( Frequency Bandwidth of Cloud) , 

^mmMo 

MJs, mm-rmi5-7m^^m “istr (m^^) 

(Grain), 




• iV 
■«■■•- 


‘■■V-i- 

js;' 



0 


atf^l i^y) 


10 


ffll5-7 


0 S7r:##T Dartmouth Computer Music ftt-tT WUTsfflo 






(Physical Modelling) 


PA^M. 'Anr^AA, ^^^i^MAA^PA, A^A 

-^P^PA^ 

^ A^o 

-$^<}AP>PA^^hP, ^i± 

MM^^A^itttAP t AA^A'fi^-^o 

Sj:P ^AAAM • (Dennis Gabor) p-AAp A 

itM^A 

-^AsffBi F^^j ., '(a.A4^i^4iifmAP-^^, 


• 160 • 




( Physical Modelling) 

o M'lM- 

|aV«46^— t'fio 


16. 1 


StI^o ife.-^5feHumi'J 

Wi^is^miMno 

(Formant Synthesis) , 
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(CeraldBalzano) 

^mm.n, mi^^J 

#, twpit*^ 


16.2 


19 mx*t 

1890^, • #flj (Lord Rayleigh) 

pppp. lom^^Qp 

It, p.pmwmmnppmm\^muxm‘k^p^^p 

1967 4^, 

(iiiiac) 

zfs, mm^xm^mmmp 


© Dodge Computer Music 
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(Physical Modelling) 


itSfjCPUStjM^, Blit, *20 1ftiE80^ftU^Hi| CPU 

1983 (Karplus And Strong) Wi 

nmnUo 


16.3 


mmm^^MMimmifWM, xmnmM ^ 

(Driver)^ (Coupling) (Resonators) □ 

•^PW (Driver) tn 

P.P'mZfa, 

(The Karplus-Strong Algorithm) 

im^P, is. 
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is % ( Karplus-Strong Algorithm, 

K. Karplus m A. Strong MitL^J^m^) o f:- til®? - 

iiM, 

d^pm, ii 
mmm, * 

7pp^mtz\'mmm, p^p^ 

f^fc, 

— 11 #— p^. 
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( Physical Modelling) 


«, zmvAs.^, 

rmm^^o mmM, \mmuy, 

/h), mmim-^m'm^Wim, 

m^, mkm^}k 

mmm^jBmwwLmmmmmmmwL 
mfWLm^^vcm^mm^mMn, ^fsmin 

it, mi^M&^mmmmT-mx-Mm^ito 

itmii'mmmi^^m^mm^mmifX'mo i^m^itu 

nmm'mm^Wo m 

mmm, m^xLmmmm 

(MM) 

S 16 - 1 Dartmouth 4*111^1 61l—4" 
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^-r 




^lii 10 


fs.i± 30 


Hit 60 ^ 


.^ (Waveguide mode) 











( Physical Modelling) 


m^o 

(Hollow Cylinder) o 

iilSo 

mm 

TM't'^f4lil#i+^0^ (Delay Line) 

1^, aii^^pw&^ji^o 

mmmmo , 
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— ^ (Scattering Junction) 


m. 

^A#f5], 'EA 

(Sampling) ^A, M^, MM 

Sl'BimSAo SA, 

WM+0-#, ^wm^^mm^vc. 
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( Physical Modelling) 


mo 0flK, , ^btM 

Wo 

^ii, fsi^* 

fjfio 
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MIDI 


^ MIDI T 4 -I- -f> t 

®alb, MIDI 

( M.‘y^'4-^ A'C> ^ y, if If ^A MIDI ^ 

JL, 

'^t^o 4^b, MIDI-tiS:-#, ivXA^^o 

it MIDUi^o Tr^-ii^^MIDI^^6t^#§» 
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17. 1 MIDI 


MIDI, 

Musical Instrument Digital Interface, 
p”o 

20 80 

CPU =f^, 

MIDIiEJ^^ja#— 

1982 ^, ai^^tl^JjtWl5!>^6^+A^r^iiilT^a 
Sequential Circuits 

“W^i^#ft^^P”, BP “MIDII^P”, 

1983 ^, MIDlM^l.OjtgiE^^JiTlli^o llt/S, 

MIDI mm, 

ftio midi^J iT6^@fin, 'EII^TIMT 
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^ ^^it ^ 


©a^TMiDiftSfiU^gy, 

^T^SiHo 


17. 2 MIDI jt .% ( MIDI Messages) 


inmBr^, MiDiKj^#5^i5#|5[^gp, @jit midi Ma 

midi m p a xti 

mat, 

#aiiiWMIDIftm, M3i#X©AAl^ 

MJ^^ai-^MIDIfg^, Note On j^M.o MX 

midi xii, 

M MIDI 

^Aailftm^n^^fsEo ii3lft.t:jiJfSM* MIDIJ,r^6^ 
®3It, ®3t6Uti[ (*^ASiI) 
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— ^ iSiMIsM (Channel Messages) 

®3fifeMX^litChannel Voice Messages) 

( Channel Mode Messages) o 

midi 

Mo mm 

%mMPmnM.^K}ko 

1. (Channel Voice Messages) 

midi 

J^^fnMfiiJ^^'&.iSrNote On, Note Off, Polyphonic, Aftertouch, 
Pitch Bend, Program Change and the Control Change messages,^o 

Note On, Note Off ^ MIDI 

^ MIDI 1-#, Note On ffSHltglJ MIDI Out 

Po Note On (W#?f) 4 ^ffSo 

0 ~ 127; ~127o ^ 

midi M#Dciii)lT-^ Note Off ftm, 

Note On 

Aftertouch (Mls) isM, S 
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'fc 4-t-t if; 

Pitch Bend (^#) W 

Program Change fg.E, 6^® 

Control Change fgB, Gift’s 

mmmMMmmminM-w, Hmmm 

Continuous Controller 

cc) MIDI liiiftmi^sT 128 

^jmt, 

cc ~ I27o I 

^mm, m\-^y^o, 

^^m^56 .1 ^57.2o 

(CC) -®ccji 

(^J$n64. 65. 66#), ^CC64j^m^m^mmy^m, 

]^t*^mi27; m 

CCOO - CC31 oTl);!-^ CC32 - CC63 ^M^m, 

( Least Significant Byte) ( Most Significant Byte) , 
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BP MSB m LSBo 

MIDI 128 i-W#, 5^ 

36 m 96o 

C3, :^-^II!lJj^ C4, 

o 

-127 

fj#, Sj^MiDi^—^ 

M^JF (l|:n1-JF;^Jt^0, 
m^m, midi 

2. ( Channel Mode Messages) 

MIDI i^ 

mi MIDI MIDI mMii^XXo 

midi mmm -121 m 127 ;trg], tumi 
«121 124 M 127 

(Omni) 

im, ^«fc^*0f^6^a3l±F^‘BtMiDif(ffi, 

m, ^h^«K*-^ait±t^lBtMIDI|(r®o 
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— ^ M^^M. ( System Messages) 

mi¬ 

di 

^ >i> ^ M. ( System Common Messages ) ^ 

( System Real Time Messages) c'^fsS 

( System Exclusive Messages) 

MiDifEt, *#j)iL6iij[Mffl®j^ 

midi 

imffmo 

MIDIftl,6^-^±^#.^, -M 

W#«:^#ltl'J^i&40MB ifQttXrXmVJ. MIDI 

itt:/jNX5J^^, MiDix^mm^mxmmmit. 

MiDiKj^-^ffij^'i^etj 

W”, mtn “* 

^-H^^'j, mmi\-^A^.mm^^, m^A^m 
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1^+4:# MIDI 


mSimm^'}tm-MmTo midi ^it 

MiDif=mM::'c6^tt;i^, MIDI 

Silt, *MiDi^#jf 

mr, 

Mm. M. M-0.w.^^ftmii^^^^ 

P^PM, 


17.3 MIDI 

midi midi S 

TSfc midi 

mmp.pnmmo 

MiDii^#6^^^a^fqifig^ii^#^#. ffi 

ftMfi^ncjiWMiDi 
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^^it # -g-,<3^ Jiij a-tfe 


midi ftB'Eo 

midi if#, mm. m 

mnmmo n^Ttmw 

MlDltit^M, #i^#liS^T6^MJiMlDlft-^o 

^m. ^m0m, m^MMJE^mjp^n^o 

midi Mm, PC it»fl±ffi*- 

^MIDU^P, t:;l^t^i3^{tki5#ffMMIDIf=l,, MiS, f'JM 

, iu Cakewalk, MIDI Sequencer, Music 
Scoring, Games, Multimedia Packages, Educational Packages 

MIDI sound generator ^ Sound Module, # 
MIDI In MIDI 

^iif^iBtMiDiftB^^^, mm, 

MIDI 

00 , 

midi 





MIDI 

^j^pusB^^N, MIDI 

3\), Dc^^lE#i6^0ut|^iim^6 ^in±o 

Sjtt, MIDI In Xt Out, Out X^ In 

iP^^MIDIi5#P^;sfflfe^^3l-MIDlM: In. Out. 
Thruo Out 

#p<jino (^%S3i^) "M. 

Out 

In, j^fs}k'^^ Thru In, 

Thru In.^Itb^flo ^il, 

iiilThru P3itt4^5 
Thru 

^ MIDI 

^^^Tiifflo midi 10 8 tb#o 

MIDI ^##3i 3I25U btw, 3125 o —^ MIDI ## 

jpftS^'^3 1 gP^-1"20 w 

MIDI 16 

MM, »#P^MK#T8A^ 
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^ ^^it a-it 


nw^n, 16 x8 =128o fg^P— 

32 iijf, 2 't MIDI HAP 

i(PUSB#)o 

MIDI 30 64 

(Program Change) , 0Hi|, fit#A 

(Bank Select) CCO fP CC32 

14 mmmm, 16384 

128 Ac 


K. MIDI 

*-?.([<) MIDI jfM. mm. 

#A:ill24 AP^#f=l,, SiIt'EJiM^M^j-fcfi^o 
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MIDI 


midi Time Code (MIDI B^I'b]?^, 
»5MTC), 3iJiSMPTE|^^^*MIDI±&^^|B:^r}i, 


17.4 GM#;1I 


MIDI i^#, midi 

mm, 

XJi, ROLAND 1990 GS &ll#jto GS #?i 

ROLAND MT - 32 fP CM - 32/64 0^*fi}ll;t±, 

mmn. 

mvj,±m^z^h, Gs#«jsw mmm^, 


• 181 • 



^ ^ ^ •i+^ S-ffe- 


midi 

4fc6^ftmo M^, 128 nn 

#*jlP “M®^m6^::^#5#’\ “Wfesj 

# GS mizmm'MT midi 6<j 

mmtio 

wm^o or®, 

MiDii5#^jitit^M:t?^^ 
ROLAND midi i^# 

GM Igito 

GM # a 6!l ^ 1^ J!5i m ^ “ ® ffl MIDI ^ ^ m ” 
( General MIDI System Level 1 ) , 1991 ^ 

Gsi^as5{ii±, 

GM gs umo 

midi ro- 

LAND GS mmjm, midi 

MIDI i^#o mvi gm ummu midi 
it, gm^^^# 

R, ^XMirnrmiki^^mkk^G^mi^u, Mmn^^zm 
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MIDI 


?i#o 

i5^, ROLAND YAMA¬ 
HA ^ 1994 i B&5#*-XGo ^ 

GM. Gsmit, 

mK%i^ YAMAHA 


17.5 

midi 

(FM) 

FM '^ 5 !^ ( Frequency Modulation Sysnthesize) 

j^a, lit^mm^o m 

^midi^^^^tr^^. ^^^fm^^^ 

(Operators) , FM 4^6 
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^ ^^'H'^ i*li S-rfe- 


J^M, m 

imffm-^m\'ytimo fm 

pm) i^mrp, 

hk “'^P” "efa 

m, jjnxj5[H]^Jtai3^o 

44.1kHz. i6Bit6^ff)t^ti, lummM^mmMo 




1. 'fit-Xf&LoopMJf 

2. Loop *,:fo'f-f-Ji.,*, 

3. ADSR 

^yj. 0 

Looping^I#^7fto — 
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Looped g, 

a 17 -1 


3 ' 

2 ■ 

‘i 

1 r b 

lym 

1 

-1 ■ 

-2 • 

3 I 

2 ■ 

1 • 

I 

w 

u.. 

■ 

1 

-1 

1 2 3 4 5 6 V S 


ffil7-l 


Loop Loop 
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^ ^ i+^*li Jf-i^r 












E9 ^ One-shot Sounds 

tm, Looping 

P, Looping, One-shot Soundso 

1 . 

mi mb 10 KB*;&6^^rH], M2 

ik MIDI 32MB VJ.±. 

2 . X-l-^ 

mzrnm 

128f4^--^o 

>£^'^^M5iJ$Pjlt.^‘WmS^aMjl, 64. 128 f-t^P^K^jlt-f?* 
MIDI 

0fii “E#” 

So -^tki^El^fi^MiDi^tt 
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:tfmKmo mm 

M 61/ 

M-kM^Wi, CPU 

0ST±^;i£^-^0f^i#a^s;^@#*w*64, mm^%^ 
j^lj'^i^i^ 1024 o 
3. 

midi m^r 

kWo 

RAM 

fefgiitb (SNR) 

1996 ^k, 

“^w’ &(jo 
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MIDI 


wAVM^H^^Hdio )^tcpu 

m.W\WJft^Jim^\^ 

IH'Ein^ 1^6^11.^ft"p CPU 
MIDI &iii^0^#*M6tiift, 

ft^ffl-® MIDI^ffi^# 

0^, ftft#Ili3ii^Tlt^^#±0. 5 

't^ 

#^0: 

MIDI 

m&m, AM^MiDift^^^Tttf^M 

X:XzM^^T—0o 

:^T?o itt^'ftMjSo 
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^ ^-'f;it i-ftli s-ife- 


17.6 MIDI 6 ^#X 


“if” fr#as^*f^^w±m^ff^i6^*5[ii± 

' 14 . »'( 4 ; ^-^MID^Tlt 

'mmm, ^sMsasna^; mi^ 
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